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rNTROD'2CT ON

LIUJ4JD4". IA.0 pLjjV~a -L v L.J uZiJ.Lx 4.04. Elm vat.75-Lua vtwr-tive

:41i~.i ci.ih4, i m 4 n n --. 1r 4iw .~-it i, t wi%6461- in-

tion by a iritalli.0 fragment when woven into ballistic armour. Presumably

if these properties were- khownt, Ubers could b e tailored to give maximum

tesittance.

Mhe ainthod of attack it -is proposed to use is onte that -presupposes

nothing. A considerable number of physical propertiet will be meatured.

When information becomes Availab~.e from-the Naval Researeh Laboratory as

to the capability of ke-sistance o~f all fibers mneasured -and- -submitted for

evaluationr, a -multiple cgrrelatiozi will be- carried but to detalmruiiete

relative Affect-of each property stuiied oa this resistance.

While- -this procedure is quie cobinion,_ it is Worth a lifttl explaniation

to mke quite clear wh-At kind-:oi information will be o6btained.

Suppose-a-series of n-fibers; ig selected for -study and-a series -of

mphysical proporties- are mie-alu'rge on each.

These fibers will then- be 5-abiuitted Lo MNR for evlainAnd it is

Dtdstiimed-that 'this evaluation will pr~duce -a numerical v~alue fo each

fiber which representts its abil-ity to resist -penetrat-ion-by a specific

This Value Vill 'be -termed. esponse -and denoted- -by -Xi

The differ-ent: physical properties measured- wVill be donaoted' by:-X__ X2,

" X.

It is- presuted that -a- -totI of -n valu6s -of Y wil-l -be -obt-ained. Yrgm-

this -datat the- follbwkn& _,U-piricall equation can- be. obtained-.

Y=b-- + b1X_ -t -bX -- ±b.xm -where- the, b's- -are- conscants.

This procedure is without limitation -excepting -tbat n .xsr exceed-, -m-

in order toý permit -calculation -of al'l -the coeffi-cients Of ýthe In- -jlthis

equation-.

If -n- it cýonsiderably in 1exc6*ss of la ant estimate of f it cAi -be

obtained- from which tesaiiclignificance. of-the equation -coefficients

can be coptd. This wilpri lmnto f those which are not

signif icantly correlated wKth th-e -rexponse. If haand m afe nearly -equal

then -'each response must be measured at least in ,duplicate- to provide -an

error estimate from which the significances of -the- coefficients can- be

computed-i-



This procedure is Actually asimplification of a more general procedure

termrs is also cnrftntiztd. Tn- e-rry~ cut such an aflygib~ r"uiresi 'i

value of ii As dofpated with m and is presumed to be impossible in this case4

The simplificationi to b6 used will in general result only -in determination

~of all Possible linear correlaations, and no curvilinear comparisons.

There are certain xbodifications of the ;bovds-dtscribed general pro-;

cedure which will also -be ex~aminual. For example, experience. has indicated
thatfibr tnaciy i corelated with resistance, withi6- a given type of

fiber4, -Obviously-, then, tonacit;y should be used-as-a response in a pre-s

liminary-stUdy to determine- whether such acorrelat ion is general. In

A addition, it !isknownt that fot-a given m~aterial

where Vc critical velocity I

M sonic modulus

ea elongation at brea'K

d . detrsity

Accordingly, A ps~eud6- property c-i-nsisting ot the right hand- term of the

-Above -equation sho~uld als4o be inifudGed in the regression analysis.

~A- dif ferent Approach m~il 1~ be t-ri ed. This -consists in measuring

-6 heinear- rreson- of the abov-e- ri-ght hand terum with -tenacity and sub.-

sequently -With- ýtheý If --Aue Obtain-ed by OINRý, then expanding the residuals

not explainied-by -this regression into a linear -equation in the other

physical -properties, b&Asured-.

It s husevden tat oniderable choice is- available in- how the

daaaassmy -be carried- Out. As, m-any -a-s possible -of- these -ways, Vill

be examined, with--the ultimate aim of- arriving at not only An empirical

e~quation- in _Y but Aso_ an approach to a mathematical mnodel -for the- unider-

lying causes of resistancei

Whatever the f inal choice the- result- -will be one or more equations

relating the responise- to the physical properties measured, or to-certain

combinations-of them. From these-equations the optimum physical properties

for m-axi-mum resisttncee to penetration should result.
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Our experience with fiberfs ugmgestcs thJiat ir will be m-st iiý.probable

to finda.fiberwhr.1 w-ll. ;W41 I a ~ i 0i -4.-Ua. Lproperti-si -Selection of the
Optim~um thus Will nrtihhhblyr ea iti i n ch-ot-ng -Zvba tei;~ f r

which the maghitUdes6 of the sit --icant coef ficients of the final equation

is the -best guide-.

Finally5 since tuch armour nust presuMably be iqually protectiive over

a wide range of temperatures and 1humidi ties thle selected fiber biust be one
inwh~hth ipotatphys ical 1 noperties'-;are rel-atively ins-ensitiv

to changes in temperature -And hu-il'ty, and this will have to, -be examinhed

before the fiber -cAn be -considerei: as worth further -study- in woen con-

CHOICE -OF FIBERS TO BEjTESTE

It is- importAnt to- note- th a Cho. requirement in choice of fIbers, is

-- to se-lect a group -showinig as, wide- -a range- of -p-hysical1 ýpropertiie- -As

-possible i-i order to trake the developed equAtion,_Wre Jprecdisei.

IiWith' !-his in mind, the follow4Ing :f ibers have -been- -selected-,

1. _Nylon 66 tire yarn

1x4td- Nylon .66- -tire cotd, greige

3. Nylon 66 tire cord, .hot-3tretched

4i. Te4 pefed Nylon 66 tre- yArn

5i Tempeared -Nylon -66- -tire -cQrd

6i Dacron tire yArn

7.ý Class fiber -yarn _x994

-8'. Glassi fiber yorn E type

9. Ty-rex Rayon- ti"re yarn

10-W Orion

11. Aiitalon (oyvinyl A"lcohOl.)

12. olypropylene -12 ýgpd -tenacity-

13. Polypropylene -5- --gd- -tenacity

14. Polyethylene

-. Atwisted'.nylon tire- cord- can- be- stretched "'-m7% due to compatn Of

the fibers, before. any stretch. 6.4 the fi:berts themsoelves oeccur.* This coM*

pactingia -resis ted by. -the -interm;f iber fricdtion wqhich, is largely determind

by thea, fibox's finish.
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Hot Stretching cauSes a cor-_-iEderablre degree of compacting.

Ternneri ng7d41 2-~e e-e V Itr -6-UfC Q M',-'itdng and compresgies the fibers into
-hxanland_ etabinal s h a ii

-tis thught 'that inclus*-o~ these twisted..corids, together with

glas6 'at onea end of the exteonsi~b:_Ity range, -and polyethylente at the -other

-should give thd- wide range of phy;sic~al p~roperties desired together with

sAufficieýnt interzmediate points to S;."ve good precision in the equation

constants.

:PUYSICAL _P1RPkftrIE:S -T0_BEHEASURL1D

1. ercent cryatallinity

2.Mean dr~ientation in -degres

3. tIperf ection in crystal strucur

4i Creep -a-t room tempe~rature -at 10 dps

5. tltroni -ten'acity at two -rates -of testinig

6.Density of f iber

7. Instroh -elongation at. -break at tw6 rates

8. Velocity of -round

-.Attenuation- of -sound Vave_ by fiberts.

?C~qRESS_ TO DATE

Te early- _stages- of- -his- *wok were :spent in 7planiningi, anrd in -putting

tWogeter the -equipment for measurement of- sound--and -its Attenuation.

Basicallýy,i -this procedute- involves -the- use -of two pietoelectric tr~Ans-

-clucers of Ro.chelle Salti-one -of which, the dr-iver,, inatroduces a:Tlbngitudinal

_sound, wave into -the fiber, -yarn, or -cord under InViestigton and thete

picks It- -4p. -

-the 4ignal -othe- driver is -obtained frdri-a we-ngo oscillaor

the :sigoal' being -so a~djusted. as- to prodbce A pUre sine-wave,. a& measured

by -.an Joscilloscope.

-Arran eets Are made -to -per-mit loading the yarn with vArious loads,

-and -the -oscillator- -permits the use of a wide -range- of frequencies.

Afactorial exp eriment- is- V. W under way -to ývasur6 the effects of

.7 +~re,-- cy and load in -order to select -the desired combinlation to be used-

In the :analysilit.

SOu-nd' velocity may be maeasured., either with -digital cone caable-

of -.mza~urihg iný micro se~conds. or by locati-on- of the nodes in the standing51
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w4ave oenerated in the yarn as a c uit of che phase re-lationships beýtwzeei

s ignsu and its reflections.

Attenuation is measured by -Z emining the reduction- in amplitude of

the peaks in the standing wave st-arting from the driver.

Some measuremenhts have been -omtpi~eted. insuifficienltm has yet been

obtained to be wiorth reporting.

E Fl. licCoim -

J-F. Heckl.
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